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(1) We studied the influence of photoperiod and unilateral lid suture on post-natal ocular growth in 
two types of White Leghorn chicks previously reported to respond differently to visual deprivation, 
Truslow and Cornell K chicks. We analyzed the chicks after 2 weeks of rearing, a time period 
commonly used in neuropharmacological studies of eye growth but much shorter than in most prior 
studies of photoperiod effects on the chick eye. (2) Altering the photoperiod length significantly 
influenced the refraction and growth of both open and sutured eyes even at this early time, with 
differences between the two types of chicks. (3) The most prominent effect on the open eyes was the 
development of hyperopia with rearing under constant light, a response especially prominent in the 
Cornell K chicks. In the open eyes under this condition, the anterior chamber shallowed and the 
vitreous chamber elongated in the axial dimension only, reciprocal changes that resulted in no net 
alteration of axial length at 2 weeks. A high variability in refraction of open eyes reared with constant 
illumination suggests the need for a dark period in the regulation of eye growth. (4) Compared to 
contralateral open eyes, the lid-sutured eyes of both types of chicks developed longer total axial lengths 
and enlarged vitreous chambers in both axial and equatorial dimensions under each photoperiod. The 
effects on anterior chamber depth and refraction were complex and differed between the two types of 
chicks. (5) The responses in open eyes support the notion that growth of the vitrious chamber of the 
chick eye is differentially regulated in the axial and equatorial dimensions, previously indicated by 
pharmacological studies. The responses in both open and sutured eyes indicate different control 
mechanisms for anterior chamber and vitreous cavity growth. 
Photoperiod Eye growth Refraction Chicks Form deprivation Myopia Lid suture 
INTRODUCTION 
Visual input influences post-natal eye growth and 
refraction. Illumination variables, including photoperiod 
duration and light intensity, affect post-natal eye growth 
in complex patterns (Bercovitz, Harrison & Leary, 1972; 
Chiu, Lauber & Kinnear, 1975; Harrison & McGinnis, 
1967; Lauber & McGinnis, 1966; Lauber & Oishi, 1987; 
Li, Troilo, Glasser & Howland, 1992; Oishi, Lauber & 
Vriend, 1987; Oishi & Murakami, 1985; Osol, Schwartz 
& Foss, 1986). Distortion of visual input such as 
from a lid suture or an image-diffusing goggle results 
in macrophthalmos, chiefly from an enlarged vitreous 
cavity, and usually produces pronounced myopia 
(Chiu et al., 1975; Wallman, Turkel & Trachtman, 
1978; Wiesel & Raviola, 1977; Yinon, 1984). 
When specifically studied, photoperiod and visual 
deprivation interact (Chiu et al., 1975; Lauber, 
McGinnis & Goyd, 1965; Lauber & Oishi, 1987; 
Napper, Vingrys, Squires, Vessey, Barington & Brennan, 
1992). 
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The influences of photoperiod on post-natal eye 
growth have been explored mainly in chicks, but much 
of this work pre-dates the recent intensive study of 
experimental myopia in this species. Past studies were 
performed under nonstandardized conditions, with irra- 
diance values varying considerably between studies. Eyes 
most frequently were measured when the birds were 
several months of age, much older than in current 
biochemical studies of the mechanisms regulating 
eye growth. These initial reports also used varied criteria 
of eye size, with limited refraction data. Even when 
the ocular compartments were assessed, the measure- 
ments were often indirect, as in the use of external eye 
photographs to estimate anterior chamber depth. 
We studied the interactions of photoperiod and visual 
deprivation on early post-natal eye growth in the chick. 
We analyzed the chicks after 2 weeks of visual depri- 
vation, a time-period commonly used by us and by 
others in pharmacological studies of eye growth but 
considerably shorter than in most prior reports on 
photoperiod and the chick eye. Because of variations 
between breeds in response to altered photoperiod 
(Lauber & Kinnear, 1979; Lauber & McGinnis, 1966), 
we confined our study to White Leghorn chicks. 
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TABLE 1. Influence of photoperiod on refractions in open and 
sutured eyes 
Refractions 
(mean spherical equivalent + SD) 
Chicks Hours of light Open eyes Sutured eyes n 
Truslow 4 + 0.9 + 1.7 - 8.6 __+ 6.3 8 
8 +0.9_+1.5 -14 .2+5.1  8 
12 +1.0__+1.3 - 13.9 + 7.4 11 
18 +1.0_+2.2 --11.2_+9.4 9 
23 + 2.9 + 0.9 + 1.6 + 7.8 9 
23.75 + 1.7 -+ 1.4 + 3.4 +_ 5.7 8 
24 + 4.5 + 5.9 + 7.8 + 7.8 10 
Cornell K 4 + 1.2+ 1.9 +3.3+4.3  13 
12 +1.2_+1.7 -2.9_+8.2 13 
24 +9.1+5.9  +14.1_+4.9 13 
We analyzed two groups of birds: a continuously out- 
bred commercial flock and a genetically stable substrain. 
Even these two groups of White Leghorn chicks are 
known to respond differently to visual deprivation 
(Troilo, Glasser, Li & Howland, 1992). 
MATERIALS AND METHODS 
White Leghorn chicks of mixed sex were either com- 
mercial outbred birds (Truslow Farms, Chestertown, 
Md, U.S.A.) or Cornell K chicks, a stable inbred 
substrain (Cornell University Poultry Research Farm, 
Ithaca, N.Y., U.S.A.). Myopia was induced by unilateral 
lid suture, performed within the first 3 days after hatch- 
ing. Using aseptic conditions and ether anesthesia for 
this procedure, as thin as possible strip of tissue, gener- 
ally 1 mm or less, was excised with scissors from the 
edges of the upper and lower lids. After splitting each lid 
along its entire lengths to separate the skin and conjunc- 
tival surfaces, the skin surfaces of the two lids were 
secured together with a continuous mattress uture of 
6-0 silk while the conjunctival surfaces were left free. The 
chicks were then housed in ventilated, temperature- 
controlled, light-tight, black plexiglass boxes with 
dimensions of 2 × 2 x 5 feet, containing a suitable cage. 
A vertical mirror was placed at one end of the box to 
increase the optical distance within the rearing quarters. 
Light inside the box was provided by a 40 W General 
Electric cool white (F40CW) fluorescent bulb mounted 
above the chicks; an electrical timer controlled the 
periods of light exposure. Irradiance in the boxes 
measured 1.1-1.4 x 10 4W/cm at chick eye level, as 
recorded with an International Light (Newburyport, 
Mass., U.S.A.) Series IL 1700 Radiometer and a 
SED/F/W irradiance detector. The Truslow chicks were 
reared with single uninterrupted light periods of 4, 8, 12, 
18, 23, 23.75 or 24 hr per day. The Cornell K chicks were 
reared with single uninterrupted light periods of 4, 12 or 
24 hr per day. For the Truslow chicks, each experimental 
group contained 8-11 birds; for the Cornell K chicks, 
each group contained 13 birds (Table 1). Food and water 
were provided ad libitum. 
After 2 weeks, the chicks were anesthetized with a 
mixture of ketamine (20 mg/kg) and xylazine (5 mg/kg). 
They were refracted using a Hardinger type coincidence 
refractometer (Aus Jena, model 110), modified by the 
insertion of a +9.25 diopter lens in its optical path to 
allow the projected image to fit into the chick pupil and 
calibrated essentially as described (Wallman & Adams, 
1987). Astigmatism values showed no clear trend, and 
refraction values are reported as spherical equivalents 
(defined as spherical power plus one-half the cylinder 
power, in diopters). Ultrasound measurements of an- 
terior chamber, lens, vitreous cavity and total axial 
length were obtained with a Sonomed A-1000 oph- 
thalmic A-scan system (Sonomed Technology, Inc., 
Lake Success, N.Y., U.S.A.), using a 10 MHz transducer 
with a 25 + 2 mm focal length. A plastic olar positioned 
the transducer 12 mm from the cornea, and acoustical 
contact was made with Aquasonic-100 ultrasound gel 
(Parker Laboratories Inc., Orange, N.J., U.S.A.). A 
sound velocity of 1.54 m/sec was used for the entire eye 
(Wallman & Adams, 1987). While still under anesthesia, 
the chicks were killed by decapitation. The total axial 
length and the longest and shortest equatorial diameters 
were measured by calipers on enucleated eyes. 
Data are reported generally as mean + SEM, except in 
Table 1 which provides mean + SD to emphasize the 
variability in the refraction measurements. Statistical 
analyses used Student's t-test on paired differences for 
intra-group comparisons and one-way analysis of vari- 
ance (ANOVA) for comparisons between groups. These 
experiments conformed with the ARVO Resolution on 
the Use of Animals in Research. 
RESULTS 
Altering the proportion of light and dark affected 
ocular refraction and growth, with clear differences 
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FIGURE 1. Influence of photoperiod on refractions of open and 
sutured eyes. The data of Table I are shown, but as mean + SEM. The 
data on Cornell K chicks, reared with 4, 12 or 24 hr light periods, are 
displaced slightly to the right so that the symbols will not overlap with 
those of the Truslow chicks. For clarity, dashed lines connect the 
Cornell K data. 
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between the two types of White Leghorn chicks. 
Open eyes and eyes beneath a lid suture were affected 
differently by altering the lighting conditions. 
In Truslow chicks, the open eye refractions varied 
only a little, with eyes showing somewhat higher hyper- 
opia in the longer photoperiods (Table 1, Fig. 1). The 
refractions of eyes with sutured lids showed quite 
marked photoperiod ependency. With 4-18 hr of light, 
pronounced myopia developed (P < 0.005, paired t-test 
comparing sutured to open eyes), with the greatest 
myopia occurring between 8 to 18 hr of light. With 23 or 
more hours of light, however, the refractions of the 
visually deprived eyes remained hyperopic (Table 1, 
Fig. 1) and were comparable to those of the contralateral 
open eyes (P/> 0.1, paired t-tests). 
Ultrasound measurements of open eyes indicated little 
influence on the overall axial lengths of Truslow chicks 
by the different conditions (Fig. 2). While there was 
variability between the mean values, they were not 
different statistically from each other (one-way 
ANOVA). On the other hand, lid suture resulted in 
longer eyes under each photoperiod (P < 0.005 for each 
condition, paired t-tests comparing sutured to open 
eyes); the longest total axial lengths and the largest 
differentials between open and closed eyes occurred 
under 8-18 hr of light, with smaller differences develop- 
ing during both shorter and longer photoperiods 
(P < 0.03, one-way ANOVA). 
Contrasting to the total axial length measurements, 
ultrasonography revealed effects of photoperiod on the 
ocular compartments in both open and sutured eyes of 
Truslow chicks. In open eyes, the vitreous chamber had 
the shortest length with the 12 and 18 hr photoperiods. 
By one-way ANOVA, the vitreous chamber was shorter 
in open eyes with the 18 hr photoperiod than with the 8, 
23, 23.75 and 24 hr photoperiods (P ~< 0.05); with the 
12hr photoperiod, the vitreous chamber was shorter 
statistically than the 23.75 hr photoperiod (P < 0.05). 
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F IGURE 2. Influence of photoperiod on ultrasound measurements of open and sutured eyes. The data are mean + SEM. The 
data on Cornell K chicks, reared with 4, 12 or 24 hr light periods, are displaced slightly to the right if the symbols overlap 
with those of the Truslow chicks. For  clarity, dashed lines connect the Cornell K data. 
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Monocular visual deprivation produced a larger vitreous 
chamber under each condition (P < 0.001, paired t-tests 
comparing sutured to open eyes), but the magnitude of 
the difference between sutured and open eyes was some- 
what less at both extremes of light duration. There was 
no statistically significant difference in the vitreous 
chamber depths of sutured eyes between the Truslow 
groups. For the Cornell K chicks, the vitreous chamber 
of sutured eyes was shorter with 4 hr of light than with 
either 12hr (P <0.05, one-way ANOVA) or 24hr 
(P < 0.01) of light. There was no statistically significant 
difference in the vitreous chamber depth of sutured eyes 
comparing 12 and 24 hr of light for the Cornell K birds. 
With 18 hr of light or less, the anterior chamber 
depths of open and sutured eyes were comparable. 
Rearing with 23 or more hours of light caused shallower 
anterior chambers in both open and sutured eyes. The 
shallowing of the anterior chamber with prolonged light 
was exaggerated in the sutured eyes (P = 0.08 at 23 hr of 
light, P ~< 0.003 at 23.75 or 24 hr of light; paired t-tests 
comparing sutured to open eyes). Photoperiod length 
had no consistent influence on lens thickness in open 
eyes; a tendency for a thinner lens in sutured eyes was 
significant statistically only with the 23 hr photoperiod 
(P = 0.007, paired t-test). 
Caliper measurements of axial lengths in open eyes of 
Truslow chicks conformed with the ultrasound measure- 
ments, showing no consistent rend in the different 
photoperiods (Fig. 3). The sutured eyes were consistently 
longer than the contralateral open eyes (P < 0.001 for 
18 hr or less light, P < 0.01 for 23, 23.75 hr, P = 0.05 for 
24 hr; paired t-tests), but the magnitude of the difference 
was less at the shorter and longer photoperiods (Fig. 3). 
Based on caliper measurements of its equatorial diam- 
eters, the coronal profile of the chick eye is elliptical, not 
round. Both the longest and shortest equatorial dimen- 
sions of the open eyes of Truslow chicks displayed 
variable growth under the different photoperiods. The 
sutured eyes were consistently wider in each equatorial 
dimension (P ~< 0.002 at each photoperiod, paired t-tests 
comparing sutured to open eyes), but the differences 
were less with 4 or 8hr of light than with longer 
photoperiods. 
The open and sutured eyes of Cornell K chicks 
responded somewhat differently to these rearing con- 
ditions. The open eyes of Cornell K Chicks showed a 
modest hyperopia of approximately + 1 diopter after 4 
or 12 hr of daily light exposure, similar to the Truslow 
chicks (Table 1, Fig. 1). When reared under 24 hr of 
light, however, the open eyes of Cornell K chicks showed 
twice the hyperopia of the Truslow chicks (P = 0.004 
comparing open eyes of CorneU K to Truslow chicks by 
one-way ANOVA). In Cornell K chicks, lid suture 
resulted in a modest exaggeration of the hyperopia with 
4 hr of light and only a modest myopia with 12 hr of 
light; the refractive differences between sutured and open 
eyes just missed statistical significance under both photo- 
periods (P = 0.09, P --- 0.07, respectively; paired t-tests) 
perhaps because of the high variability in the sutured 
eyes (Table 1). Under constant light, lid suture resulted 
in high hyperopia (P = 0.003, paired t-test comparing 
open to sutured eyes), the most extreme hyperopia of 
any condition. 
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Like the Truslow chicks, ultrasonography indicated 
that the total axial length of the open eyes of the Cornell 
K chicks was similar under the different photoperiods 
(Fig. 2). Like the Truslow chicks, the vitreous chamber 
of open eyes was more elongated under constant light 
rearing (P <~ 0.01, one-way ANOVA comparing 24 hr to 
4 or 12 hr); the anterior chamber of open eyes also 
shallowed under constant light (P <0.001, one-way 
ANOVA comparing 24 hr to 12 or 4 hr). 
Also as in the Truslow chicks, the ultrasound measure- 
ments howed longer total axial length (P < 0.01, paired 
t-test) and vitreous chambers (P < 0.001, paired t-test) 
in lid-sutured eyes under each photoperiod. By both 
ultrasound and calipers (Figs 2 and 3), the greatest 
amount of axial elongation i sutured eyes occurred with 
the 12-hr photoperiod (P <0.05; one-way ANOVA). 
Consistent with these measurements, thegreatest amount 
of vitreous cavity elongation occurred with 12 hr of light 
(P ~< 0.03, one-way ANOVA). In contrast to the Truslow 
chicks where the anterior chambers of the deprived eyes 
shallowed only with the longer photoperiods, the an- 
terior chambers beneath the sutured lids of the Cornell 
K chicks were shallowed under each conditions 
(P < 0.05, paired t-tests). Compared to the contralateral 
eyes, the lens was thinner in the eye with the lid suture 
under 24 hr light (P = 0.001, paired t-test). Like the 
Truslow chicks, Cornell K eyes beneath a lid suture 
expanded in both equatorial dimensions compared to 
contralateral eyes under each photoperiod (P < 0.001, 
paired t-tests). 
By both ultrasound and caliper measurements, he 
open eyes of the Cornell K chicks had longer total axial 
lengths than the Truslow chicks when reared under 12 or 
24 hr of light (P ~< 0.005; one-way ANOVA); and while 
the lid suture resulted in further eye elongation, the 
excessive axial growth induced by visual deprivation was 
less than that seen in the Truslow chicks, particularly 
with 4 and 12 hr of light (P < 0.01, one-way ANOVA). 
The equatorial dimensions of open eyes of the Corneli 
K chicks were larger than those measured in the Truslow 
chicks (P < 0.03 or less, one-way ANOVA), and the 
comparative equatorial expansion following lid suture 
was greater in the Cornell K Chicks at both 4 and 24 hr 
of light (P < 0.05, one-way ANOVA). 
DISCUSSION 
Photoperiod exerted quite complex effects on chick eye 
growth and refraction during the first two weeks in both 
open and visually deprived eyes. The two types of White 
Leghorns tudied here showed ifferences in their ocular 
responses, especially in visually deprived eyes. 
The most pronounced effects on open eyes occurred 
under constant or near constant lighting. As previously 
noted in young birds (Lauber, Boyd & Boyd, 1972; Li 
et al., 1992), constant light shifted refractions toward 
hyperopia compared to other photoperiods. In Cornell 
K chicks in particular, extreme corneal flattening has 
seemed to account for the hyperopic refraction even 
though the total axial length and vitreous cavity are both 
elongated (Li et al., 1992). We observed a hyperopic shift 
in refraction when either type of chick was reared in 
constant light, but the effect was more pronounced in the 
Cornell K birds. The vitreous chambers were longer and 
the anterior chambers were shallower in both types of 
chicks reared in constant or near constant illumination. 
As a result of these reciprocal changes, the net axial 
lengths of open eyes in both chicks remained similar to 
other photoperiods and obscured the alterations in the 
vitreous and anterior chamber depths. While not directly 
measured here, corneal flattening likely accompanied 
the shallow anterior chambers and accounted for the 
hyperopia under these conditions. 
These effects of constant illumination on eye growth 
of chicks after 2 weeks are less dramatic than the effects 
after similar rearing for longer times (Lauber & 
McGinnis, 1966; Lauber & Oishi, 1987; Li et al., 1992; 
Oishi et al., 1987; Oishi & Murakami, 1985; Osol et al., 
1986). Specifically, the macrophthalmos of older chicks 
reared under prolonged lighting was not evident after 2 
weeks. Even so, the longer vitreous cavity and shallower 
anterior segment at 2 weeks are harbingers of the more 
dramatic structural changes to occur later. Rearing 
under constant illumination ultimately induces glaucoma 
in chicks (Lauber, Boyd & Boyd, 1970; Lauber et al., 
1972; Oishi et al., 1987) presumably from the altered 
anatomy of the anterior chamber angle (Smith, Becker 
& Podos, 1969). Intraocular pressure was not recorded 
here; but when previously measured (Lauber et al., 1972), 
intraocular pressure did not elevate until between 12 and 
20 weeks of rearing under constant illumination, 
suggesting that intraocular pressure does not contribute 
to the growth responses at 2 weeks. Whether the en- 
hanced outflow of aqueous humor from the chick eye 
measured after 2 weeks of constant light (Lauber et al., 
1970) influences eye development at this early age is 
unclear. 
The growth pattern of the vitreous cavity of open eyes 
under constant or near constant light showed an unusual 
geometric asymmetry during the first 2 weeks. Specifi- 
cally, its expansion in excess of eyes from chicks reared 
with substantial dark periods occurred in the axial and 
not in the equatorial dimension. This growth pattern 
contrasts, for example, with the vitreous chamber growth 
of form deprivation myopia that characteristically un- 
dergoes excessive xpansion even at 2 weeks in both axial 
and the equatorial dimensions (Gottlieb, Fugate- 
Wentzek & Wallman, 1987; McBrien, Moghaddam &
Reeder, 1993; Stone, Lin, Laties & Iuvone, 1989). Only 
with longer rearing in constant or near constant light is 
the eye reported to show excessive growth in the equato- 
rial dimensions (Oishi et al., 1987; Oishi & Murakami, 
1985; Osol et al., 1986; Whitley, Albert, Brewer, 
McDaniel, Pidgeon & Mora, 1984). Whether the equato- 
rial expansion occurring with longer earing in constant 
light involves just an anatomical djustment toexcessive 
growth in the axial dimension or instead is the result of 
another mechanism requires further study. 
Prior work has indicated that growth of the chick 
vitreous cavity is differentially regulated in the axial and 
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equatorial dimensions. This conclusion was based on 
pharmacological interventions in form deprivation my- 
opia. In those studies, both dopamine agonists (Stone 
et aL, 1989) and muscarinic antagonists (McBrien et al., 
1993; Stone, Lin & Laties, 1991) attenuated the excessive 
axial growth accompanying lid suture myopia with less 
or no reduction in the exaggerated vitreous chamber 
growth in the equatorial dimension. The present study 
buttresses the hypothesis of differential control of vit- 
reous cavity growth in the axial and equatorial dimen- 
sions, in this instance by activating in open eyes a 
mechanism responsible for excessive vitreous chamber 
growth selectively in the axial dimension. The relation- 
ship, if any, of axial elongation of the vitreous cavity 
of open eyes in constant illumination to the axial 
component of vitreous chamber enlargement in visual 
deprivation myopia will require further clarification. 
Besides hyperopia, a second notable feature of the 
open eye refractions of both White Leghorn types reared 
under constant illumination is the high variability of the 
measurements (Table 1), a feature previously recorded in 
broiler chicks (Lauber et al., 1970). As chicks mature 
under moe balanced iurnal lighting conditions, a re- 
duction in refraction variability accompanies the usual 
emmetropization process (Wallman, Adams & 
Trachtman, 1981). The high variability of refraction with 
constant illumination suggests that, rather than inducing 
a systematic response towards hyperopia, constant illu- 
mination may disrupt any process regulating refraction 
and induce hyperopia only as the consequence of 
extreme corneal flattening in the context of disordered 
eye growth. Similarly, the high variability of refraction 
in form deprivation myopia has suggested the disruption 
of a feedback mechanism regulating eye growth in this 
condition rather than a simple shift in the eye's optics 
(Schaeffel & Howland, 1988). Surprisingly, the high 
refraction variability of open eyes in Truslow chicks 
disappeared with only 15 min of dark per day, a remark- 
able sensitivity to dark and another line of evidence 
suggesting the need for a critical "night" period in post- 
natal eye development (Gottlieb, Nickla & Wallman, 
1992). 
The responses of the sutured eyes to photoperiod 
variations were quite complex, with differences between 
the two types of chicks. The sutured eyes of Truslow 
chicks developed pronounced myopia with 4-18 hr of 
daily light; but with 23 or more hours of light, there was 
no statistically significant refractive difference between 
sutured and open eyes. The sutured eyes of Cornell K 
chicks showed a trend toward hyperopia t 4 hr and a 
trend toward myopia at 12 hr of illumination, either of 
which reached statistical significance; under constant 
illumination, the sutured eyes became significantly more 
hyperopic in sutured than open eyes. 
The ultrasound and caliper measurements on lid su- 
tured eyes of Truslow chicks revealed that the longest 
axial lengths developed under those photoperiods pro- 
ducing the greatest myopia. Even with rearing under of 
23-24 hr of light when myopia did not develop, the axial 
lengths of lid sutured eyes were still greater than con- 
tralateral controls, although the amount of excessive 
axial growth was less than with shorter photoperiods a  
previously noted (Lauber & Oishi, 1987). From the 
ultrasound measurements, vitreous chamber elongation 
accounted for most axial length differences under all 
photoperiods. In contrast, the anterior segment was 
generally unaffected by photoperiod, except in 23-24 hr 
of light when the anterior chamber was shallowed in 
open eyes and shallowed even further in sutured eyes. 
While not directly measured, it seems reasonable to 
assume that corneal flattening markedly influenced the 
refractive rrors of the sutured eyes as well as the open 
eyes under constant illumination. 
Growth of sutured eyes in the equatorial dimensions 
was exaggerated under all photoperiods. The tendency 
of equatorial enlargement of sutured eyes to be greater 
at longer light periods is the reverse of the photoperiod 
dependency of the excessive axial growth and further 
supports the notion of differential control mechanisms 
for growth in axial or equatorial dimensions. 
While Cornell K chicks did not develop pronounced 
myopia under any photoperiod, the axial lengths of the 
sutured eyes of these chicks also were longer than the 
open eyes in each photoperiod. Ocular expansion i  the 
sutured eyes of Cornell K birds also occurred by vitreous 
chamber enlargement. The anterior chambers of the 
sutured eyes of Cornell K chicks were considerably 
shallower than the sutured eyes of Truslow chicks at the 
4 and 12 hr photoperiods (P < 0.01, one-way ANOVA). 
The anterior chamber shallowing suggests that corneal 
flattening accounted for the failure of Cornell K chicks 
to develop significant myopia beneath a lid suture, but 
the thinning of the lens of the Cornell K chicks reared 
with constant light also may have contributed. By caliper 
measurements, theequatorial diameters of the Cornell K 
chicks also expanded underneath the lid suture; these 
birds actually developed the widest eyes. The amount of 
excessive quatorial enlargement of sutured versus open 
eyes is comparable in the two substrains at 12 hr of light, 
but it is greater at 4 and 24 hr of illumination for the 
Cornell K chicks (P < 0.05, one-way ANOVA at each 
time and for both equatorial meridians). 
The methods to induce experimental myopia, 
including lid suture, various types of goggle occluders 
and contact lenses, all result in macrophthalmus chiefly 
from an enlarged vitreous cavity. Lid suture produces 
corneal flattening in treee shrews (McBrien & Norton, 
1991) and in the marmoset (Troilo & Judge, 1993). In 
contrast o mammals, lid suture in chicks has been 
reported previously to deepen the anterior chamber in 
chicks reared under diurnally varying lighting conditions 
(Lauber & Oishi, 1987; Osol et al., 1986), but this effect 
may be dependent on other environmental qualities uch 
as light intensity (Lauber & Oishi, 1987). A relatively 
flat-fitting semi-flexible contact lens applied to the chick 
cornea flattens the anterior chamber, presumably on a 
mechanical basis (Irving, Callender & Sivak, 1991), but 
so can strongly positive lenses placed away from the eye 
(Irving, Sivak & Callender, 1992) which would seem 
to act on a visual basis. Mechanisms underlying the 
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differences in anterior chamber response to these varied 
manipulations remain poorly understood; mechanical 
factors, differences in visual stimuli, thermal effects 
(Hodos, Revzin & Kuenzel, 1987), species differences 
and other unknown variables may be operative. In the 
present experiments, lid suture was utilized as the means 
of visual deprivation, with the operation performed as 
uniformly as possible in each chick. Because of these 
differences in the anterior chamber esponse, the effects of 
photoperiod observed here on anterior segment growth 
may not be generalizable to other experimental paradigms. 
Despite these qualifications, the present experiments 
not only confirm prior observations that anterior 
chamber depth is sensitive to photoperiod and visual 
deprivation but indicate that these changes occur very 
early in rearing protocols. These studies also underscore 
the dissociation of growth of the anterior chamber and 
vitreous chamber. In the long photoperiods, the anterior 
chambers of both open and visually deprived eyes were 
shallowed while the vitreous cavity was stimulated to 
undergo excessive growth. This dissociation of anterior 
segment and vitreous cavity growth has previously been 
demonstrated in comparable experiments with longer 
rearing periods (Lauber & Oishi, 1987; Oishi et al., 1987; 
Oishi & Murakami, 1985; Osol et al., 1986) and also in 
experiments where growth of these two ocular compart- 
ments was differentially perturbed by administration of 
putative retinal toxins (Ehrlich, Sattayasai, Zappia & 
Barrington, 1990; Wildsoet & Pettigrew, 1988). 
A relation of anterior segment growth and visual 
experience in chicks was evident from rearing in other 
lighting conditions not studied here. Dark rearing causes 
ocular enlargement with vitreous cavity enlargement 
(Harrison & McGinnis, 1967; Oishi et al., 1987; Whitley, 
Albert, Brewer, McDanial, Pidgeon & Mora, 1985). 
These chicks initially become myopic; but in several 
weeks, the anterior chamber shallows and the cornea 
flattens to produce hyperopia at later ages. Rearing 
under constant illumination at very high intensity accen- 
tuates the anterior chamber shallowing observed with 
less intense constant light (Oishi et al., 1987). Together, 
these results provide further evidence for light, a pre- 
sumably visual, dependency of anterior segment growth. 
The mechanism by which visual input moderates 
anterior segment growth remains obscure. 
The differences in the patterns of eye growth in these 
two groups of White Leghorn chicks extend previous 
observations (Troilo et al., 1992) and indicate a need for 
attention to substrain in studying post-natal eye develop- 
ment and experimental myopia in chicks. Interestingly 
even in monkeys, the available data suggest some 
differences in the mechanisms of myopia development 
between monkey species, at least with respect to neural 
and drug interventions (Raviola & Wiesel, 1985). 
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